We describe interferometric observations of the asteroid (41) On the other hand, when using the convex shape of Kaasalainen et al. (2002. 10 Icarus 159, 369-395) in our TPM analysis, the resulting volume equivalent di- that Daphne has a moderate macroscopic surface roughness. 
On the other hand, when using the convex shape of Kaasalainen et al. (2002. 10 Icarus 159, 369-395) in our TPM analysis, the resulting volume equivalent di- that Daphne has a moderate macroscopic surface roughness. and collisional environment of the early solar system.
39
The determination of the volumes of asteroids will be particularly important 40 in the next future when more asteroid masses are expected to be accurately de-41 rived. For instance, it has been estimated that the masses of slightly more 42 than 100 asteroids will be determined to better than 30% (relative accuracy)
43
from the gravitational perturbations that these bodies exert on the orbits of 44 smaller asteroids thanks to the high accuracy astrometric measurements of the
45
ESA space mission Gaia (launch in 2013; Mouret et al., 2007 Thomas et al., 1999 Thomas et al., , 2002 , are approximated with flat surfaces.
57
From the size (D) and the absolute magnitude of an asteroid in the visible 58 light (H), one can derive the geometric visible albedo (p V ) using the formula:
indicates a coarser, mm-to cm-sized, regolith as observed 84 on (433) Eros (Veverka et al., 2001a,b) and (25143) Itokawa (Yano et al., 2006), 85 respectively; solid rock with very little porosity is known to have thermal inertia 86 values of more than 2500 J m −2 s −0.5 K −1 (Jakosky, 1986) . The correlation 87 between the value of Γ and the nature of the soil has been also demonstrated 88 from study of the martian surface (see e.g., Christensen et al., 2003 the main belt (Morbidelli and Vokrouhlický, 2003) , in the dispersion of aster-
96
oid families (Nesvorný and Bottke, 2004) , and it is a major source of uncer-97 tainty in the impact prediction estimations for potentially hazardous asteroids 98 (Giorgini et al., 2002; Milani et al., 2009) . Finally, accurate determination of 99 thermal inertia is important in the estimation of systematic errors on sizes and 100 albedos of asteroids, when these parameters are determined by means of simple 101 thermal models (see e.g., Spencer et al., 1989) .
102
As shown by properties; in section 3 we report the observations and the data reduction pro-
141
cess that we adopted; in section 4, we detail the shape models that we used; in 142 section 5, we give our results, followed by a discussion in section 6. 2007; Delbo and Tanga, 2009 ).
169
Here, we used a TPM to calculate interferometric visibilities of asteroids in the fit indicator, we use the reduced χ 2 , namely:
where the indexes i and j run over the observation epochs and the discrete 
188
The physical parameters of our TPM, are:
189
• An a priori information about the shape of the body, described by a mesh can be affected by a significant uncertainty, ∆ φ . The latter depends on 206 the error σ P on P , the value of P , and by how far t is from t 0 . Since
neglecting the error on φ 0 (which is safe -in general -to assume small).
209
When ∆ φ 10
• , then ∆ φ should be treated as a free parameter of the 210 TPM.
211
• The size of the body. This is described by a factor a that linearly scales 
215
• The bolometric Bond's albedo A. This is related to p V via the relation:
where G is the slope parameter of the H, G sys-217 tem of Bowell et al. (1989) . Although the value reported in the MPC for
218
(41) Daphne is 0.10, the use of the typical default value, namely G=0.15 219 (Bowell et al., 1989) , does not significantly affect our results and we de-220 cided to keep it.
221
• The macroscopic surface roughness. This is modeled by adding hemi- of macroscopic roughness are given in Table 1 , including the corresponding 226 value of the mean surface slope, θ, as defined by Hapke (1984) .
227
• The method we adopt to calculate the temperature distribution inside craters 247 is given by Emery et al. (1998) . We do not explicitly model thermal conduction 248 inside craters, and here we use the approximation of Lagerros (1998) . This ap-
249
proximation cannot be used on the night side. However, this is not a limitation 250 for the present study because our observations took place at a moderate solar 251 phase angle (see Table 2 ). Consequently, the fraction of the night side seen by Then the integrated flux and visibility of the model are given by:
where F T is the Fourier Transform operator applied to the brightness distribu- factor a is equivalent to multiply the baseline length by a factor a, or inversely. 
300
In some cases, the correction to the rotational phase ∆ φ has to be treated as In the next section, we describe our observations of the asteroid (41 were performed using the same method as . The flux and vis-324 ibility measurements of (41) Daphne are shown in Fig 3 (or identically in Fig 4) .
325
The estimation of error bars constitutes a difficult issue when reducing MIDI 326 data. In the most common case, when the 'high-sensitivity' mode is used, the 327 photometry is acquired about 3 to 6 minutes after the fringes are recorded. In the next section we describe the different shape models used for (41)
357
Daphne, and how the TPM analysis was performed using this information). described in section 2 was applied to the measured fluxes and visibilities.
404
In the next section we describe and discuss the results obtained from the We note that a surface with a low or no macroscopic roughness and a value of 414 thermal inertia < 100 J m −2 s −0.5 K −1 gives the best fit to the observations.
415
In particular the minima of the 'no roughness' and 'low roughness' models are and visibilities, a fit of the model, as described in section 2, was performed. In this case, a model with a low or medium roughness and a thermal inertia with the non-convex shape, also provides a good match to the observed flux.
464
We note that the flux prediction at the third epoch is as well higher than the 465 measured one. This effect may also be due to an underestimation of the source 466 flux by MIDI, as described above. Moreover, the non-convex model seems to (see e.g., Tubbs et al., 2004) . All the results are summarized in Table 3 . is quite surprising given the important surface roughness expected for large as- in the thermal infrared using the ATs of the ESO VLTI. We observed the asteroid 569 (41) Daphne using the MIDI instrument and the 16m-long baseline E0-G0.
570
We developed a thermophysical model (TPM) for the analysis of interfero-571 metric observations of asteroids in the thermal infrared, with the aim of deriving 572 information about size and thermal properties.
573
We applied our TPM to the MIDI observations of (41) or the convex shape is used, respectively.
586
Our TPM analysis also showed that the macroscopic surface roughness can 587 be constrained by interferometry, thanks to the angular resolving power offered 588 by the VLTI and which allows to resolve the temperature distribution on the 589 asteroid surface. In particular, using both shape models of (41) Daphne, we 590 found a moderate to low roughness (see Table 1 Tables and Table Captions Roughness 194 ± 2 0.067 ± 0.011
Non-convex Low roughness 3.4 ± 0.3 9 ± 1 189 ± 1 0.070 ± 0.011 Table 3 : Results of the determination of physical properties of the asteroid (41) Daphne, using the TPM. The χ 2 is our best-fit estimator as described by Eq 2; Γ is the thermal inertia, D∨ is the spherical volume equivalent diameter, and p V is the geometric visible albedo. The errors are within 1-σ. Image of the asteroid (41) Daphne created from the TPM, using the convex shape model (left image) and the non-convex one (right image). The gray level is proportional to the emitted thermal infrared flux.
Fig 2 caption :
Illustration of the geometric parameters involved in the calculation of the synthetic visibility and flux from a TPM image.
Fig 3 caption :
Left panels: measured thermal infrared fluxes (with error bars) between 8 and 13 µm of (41) Table 2 ). Table 2 ). Plot of χ 2 (see Eq. 2), calculated from the TPM in the case of the convex shape, as a function of thermal inertia Γ, for the four roughness models (see Table 1 ).
Fig 7 caption :
Plot of χ 2 (see Eq. 2), calculated from the TPM in the case of the non-convex shape, as a function of thermal inertia Γ, for the four roughness models (see Table 1 ).
Fig 8 caption :
Plot of χ 2 (see Eq. 2) calculated from the TPM, using only the flux measurements of (41) Daphne. This is represented in the case of the non-convex shape, as a function of thermal inertia Γ, for the four roughness models (see Table 1 ). 
